• 9 H 20 is sy n th e size d a n d in v estig a te d by m ea n s o f X -ra y a n aly sis, in fra re d , e le c tro n ic a n d N M R sp ec tro sc o p y . T h e c ry sta ls a re triclinic, sp ace g ro u p P I , a = 15.477(5), = 9.931 (4), c = 7.773(4) Ä; a = 75.60(3); ß = 82.86(4); y = 93.54(3)°; Z = 2. T he s tru c tu re w as refin ed to fin al R = 0.036 fo r 3347 in d e p e n d e n t o b se rv e d reflectio n s. T h e s tru c tu re c o n sists o f th e c o m p le x a n io n s , N a + c a tio n s a n d w a te r m olecules. T h e lig a n d s a re c o o rd in a te d via th e d e p r o to n a te d o x im e a n d a m id e n itro g e n a n d th e c arb o x y l o x ygen a to m s in a m e rid io n a l fa sh io n ( C o -O ( c a r b o x y l) = 1.971 a n d 1 .9 4 7 Ä; C o -N ( o x im e ) = 1.891 a n d 1.909; C o -N ( a m id e ) = 1.876 a n d 1.8 6 6 Ä ). T h e C o (III) c o o rd in a tio n o c ta h e d ro n is slightly d isto rte d ; th e C o -O a n d C o -N d ista n c e s a re in a g re e m e n t w ith th e d a ta fo r oxim e a n d p e p tid e c o m p le x es o f C o (III). T h e u n it cell c o n ta in s 2 e n a n tio m e ric c o m p le x a n io n s re la te d by a c e n te r o f sy m m e try .
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C oordination com pounds of the transition met als with N-substituted amino acids and oligopep tides are of considerable interest as models of met al protein interaction and in connection with their possible practical application. Pyruvylamino acid oximes, the object of present research, are similar as to their structure to dipeptides, but differ from these by oxime-containing fragment -C (= N O H )-instead of the terminal amino group -C H (N H 2) -:
These com pounds are expected to be coordinat ed similarly to peptides upon complexation [1, 2] . In our previous paper the preparation of 3d metal complexes containing singly and doubly charged residues o f pyruvylamino acid oximes as acido li gands coordinated in dipeptide-like fashion was reported [3] . Unlike dipeptides, the present ligands can act as triply charged anions. Ambidentate be haviour of the deprotonated oximino group gives room for a greater variety o f possible coordination modes.
The X-ray structure studies of pyruvylglycine oxime (H 3G, R = H) [4] , pyruvyl-L-alanine oxime (R = C H 3) [5] and pyruvyl-L-methionine (R = C H 2C H 2SCH3) [6] show that in the molecules of all these com pounds the orientation of the carboxyl group with reference to the molecule framework is different, the configuration of the amide and ox ime groups being the same. In case of the first com pound a planar structure is realized [4] , In two others the carboxyl group forms angles o f 30-90° with the molecule framework [5, 6] . Such rather small conform ational differences are not expected to have significant influence on the properties of these compounds.
The present paper deals with the synthesis, X-ray and various spectroscopic investigations of the cobalt(III) complex with H 3G of composition N a3[CoG2]-9 H 20 . In this com pound the maxi mum possible degree o f deprotonation of the li gand is realized, with G 3_ acting as a triply charged ligand. 
Experimental

Synthesis and analytical data
X-ray analysis
Crystal data, details o f data collection and structure refinement param eters are summarized in Table I . A red-brown prismatic single crystal was used for the structure determination. The in tensity data were collected on a RED-4 diffracto meter using cd scans. U nit cell param eters were de termined by a least-squares procedure from the setting angles of 15 pinacoidal reflections with 1 0°< 2 # < 2 0°. The intensities were reduced to structure factors by applying corrections for Lorentz and polarization effects with absorption not taken into account. The structure was solved by the heavy-atom method. The positions of the hy drogen atom s were determined from difference Fourier syntheses. Structure refinement was car ried out by least-squares techniques, anisotropically for non-hydrogen atom s and isotropically for hydrogen atoms. All the calculations were per formed on a SM-4 com puter using the SHELX76 program [7] , The atomic scattering factors were taken from standard sources [8, 9] . The final posi tional param eters are listed in Table II , im portant interatomic distances and bond angles in Table III . Full crystallographic data have been deposited at the Cambridge Crystallographic D ata Centre*.
Spectral measurements
The IR spectra were recorded in the region of 400-4000 cm -1 (KBr pellets, nujol mulls) on an UR-20 (Carl Zeiss Jena) spectrophotom eter. The absorption spectra of aqueous solutions were measured in the range of 11 000-40000 cm -1 on a Specord UV-VIS M 40 (Carl Zeiss Jena) instru ment. 'H and 13C N M R spectra of aqueous and DMSO solution were obtained on a Bruker WP-100-SY spectrometer. T a b le I. C ry s ta llo g ra p h ic d a ta , e x p e rim e n tal in fo rm a tio n a n d re fin e m e n t p a ra m e te rs fo r N a 3[C o G 2] ■ 9 H 20 .
T a b le II. F in a l p o sitio n p a ra m e te rs (x 104) fo r n o n -h y -0 
■ T ris o d iu m B is[N -(2 -o x im in o p ro p io n y l)g ly c in a to (3 -)-Q ,N ,N '] C o b a lta te (I II) N o n a h y d r a te 273
Results and Discussion
Description o f the structure
The unit cell packing diagram o f the title com pound is represented in Fig. 1 . The structure con sists o f pairs o f enantiomeric complex anions, so dium cations and water molecules, which are unit ed into a fram ework by a multibranched hydrogen bond system. Insertion of the N a polyhedra, coor dinated by oxygen atom s of the ligands and of the water molecules, is part of the framework form a tion. 
Co (III) coordination polyhedron
The molecular structure of the complex is shown in Fig. 2 . The Co(III) coordination polyhedron is formed by linkage to two triply charged ligands G 3~, the carboxyl, peptide and oxime groups of which are deprotonated. The planar ligands are at- tached to the central atom in a m eridional fashion via the oximino and peptide nitrogen atoms and the carboxyl oxygen, such that each ligand forms two fused five-membered chelate rings. A similar coordination mode was detected earlier in bis(glycyl-glycinato)Co(III) and in other dipeptidato complexes [10] [11] [12] , It is necessary to note a significant similarity in the structure of the present complex anion and that of the dipeptidato-Co(III) complex [11] .
The coordinated ligands adopt an almost planar conform ation and form a dihedral angle of 91°. The complex anion possesses only axial symmetry and belongs to C2 point group. This fact suggests the existence of enantiomeric forms [13] . In the unit cell there are two anions of opposite chirality, which are related by a center of symmetry.
The geometry about Co(III) is distorted octa hedral, the distances being [10, 11, 14, 15] . The values of C o -N 1 (oxime) are norm al for deprotonated oxi mino groups. In other octahedral Co(III)-dimethylglyoximato complexes these distances are in the range of 1.90-1.93 Ä [16, 17] , The C o -0 4 (c a rb o x y l) bond lengths are somewhat longer than those in the dipeptidato complexes (1.96 vs. 1.93 Ä in average) [11, 14] ,
The valence angles at cobalt are -83°. The max imum deviations of the atom s forming the chelate rings from the least square planes do not exceed 0.08 Ä. The angles between the least squares planes of adjacent chelate rings are 5.3 and 1.8°, respec tively, that is close to the values found for dipepti dato complexes [15, 18] .
Ligand
The coordinated peptide nitrogen atom retains a trigonal-planar configuration as in H 3G. The de protonated oximino group is in an ann-position with reference to the amide bond and trans to the amide carbonyl group. Such an arrangem ent of the donor groups permits the ligand to remain in the favourable conform ation as in free H 3G. Upon deprotonation o f the ligand the N 1 -0 1 distance is reduced from 1.385(5)Ä in the free ligand to 1.320Ä (in average) [19, 20] , The carboxyl group undergoes similar changes, i.e. a decrease of the difference between the C -O bond lengths of free and bound oxygen atoms: 1.305 and 1.220Ä [4] , This phenomenon is typical of the coordinated carboxyl groups [21] .
Sodium cation coordination
The sodium cations are in an environment of six oxygen atoms belonging to the ligands and the wa ter molecules, their coordination polyhedra form ing edge-sharing dimers. Thus, N a 2 + is coordinat ed by four water molecules and two symmetrically related 0 1 B atoms belonging to deprotonated amido groups of the ligands (Fig. 3 a) . Two com plex anions [CoG2]3~ are related through the cen ter of symmetry (1 /2, 0, 0) in the jc direction of the crystal. As a result of this symmetry transform a tion the coordination polyhedra o f two N a 2 + share the edge O 1 B -O 1 B (1-x, -y, -z). The N a -O distances in the polyhedron are in the range of 2.378-2.663Ä that is in line with literature data for sodium cations [22, 23] , The octahedral coordi nation for N a 3 + involves four water molecules and 0 3 B(carboxyl) oxygen atoms from two enantiom orphous anions related by the inversion centre (O, O, 1/2) in the z direction (Fig. 3 b) . Through N a l + the translational complex anions are related, based on the symmetry operations (x, v, -1 +z) and (x, 1 + y, -1 +z), the Na 1+ and N a3 + coordination octahedra being joined by the edge W 3 -0 3 B .
Hydrogen bonds in the crystal
An extensive system of hydrogen bonds is formed in the crystal establishing the framework structure. The majority of H 20 molecules partici pates in the formation of four H-bonds (two donor and two acceptor bonds), or of three H -bonds and in a coordination of a N a + cation. The H-bonds parameters are given in Table IV . 
Electronic, infrared and N M R spectroscopic investigation
In the absorption spectrum of the complex (Fig. 4) the maximum observed at 20160 cm -1 (e = 430) can be assigned to the 'A lg->'T lg transition of Co(III) in the octahedral environment of the C oN40 2 chromophore [13, [24] [25] [26] . Note, that in the present case the maximum of this transition is shifted by nearly 1000 cm " 1 into the shortwave re gion as compared with spectra of bis-dipeptidato cobalt(III) complexes [27, 28] . That can be ac counted for by the greater charge in the coordina tion sphere ( -3 vs. -1) and the relatively stronger field induced by the deprotonated oximino group as compared to the amino group. The e value is somewhat greater than those given for peptide complexes (370-410) [27, 28] . The maximum in the spectra of dipeptide complexes at 25000 cm -1 with e = 100-150 attributed to 1A ]g-^1T 2g transi tions does not show in the present case. It is be lieved to be obscured by a more intensive charge transfer in the oximato Co(III) complexes [29] . The maximum at 34600 cm 1 (e = 8400) can be as signed to the charge transfer from the peptide ni trogen onto the metal [30] .
The IR spectrum of the complex exhibits the in tensive v N -O band o f the deprotonated coordi nated oximino group which is essentially shifted to high wave numbers in com parison with the spec trum of the free ligand (1175 and 1030 cm -1, re spectively), typical for oximino groups bound via the nitrogen [31] . In the range of 1550-1660 cm -1 the vibrations of Amide II, vasCOO", Amide I and water bending modes overlap to give one broad non-resolved band. The carboxylate symmetric stretching vibrations is found at 1410 cm -1. In the range 3200-3500 cm -1 the vOH stretching mode vibrations of associated water molecules form a broad absorption.
In the 'H N M R spectrum o f the title complex (solution in DMSO) the methyl proton resonance at 3 1.68 ppm (vs. Ö 1.88 ppm in H 3G spectrum) and a multiplet signal o f the methylene protons centered around S 3.91 ppm, which is somewhat shifted in com parison with the spectrum o f the free ligand, are found. In the H 3G spectrum a doublet at ö 3.81 ppm is observed owing to vicinal coupling with the peptide proton (V = 5.8 Hz). The reso nance of these protons appears as an AB pattern at 3.78 and 4.03 ppm (V = 18.3 Hz) in the spectrum o f the complex. The coupling is due to magnetic non-equivalence of the methylene protons, which are diastereotopic. The value of the geminal con stant 2J is close to the values found for glycinecontaining tripeptide complexes where the m en tioned protons are also not equivalent [32, 33] . By contrast, in the spectrum of the aqueous solution only a broadened singlet of C H 2 protons (<5 4.3 ppm; z/v~4 Hz) is observed. It is noteworthy that similar effects were registered in the spectra of Co(III) complexes with glycine-C-terminal di-and tripeptides [27, [34] [35] [36] . The broadening o f the sig nal was suggested to be caused by the additional spin interaction with the peptide nitrogen and co balt atom s [34] ,
The positions of the resonances in the 13C N M R spectra of H 3G, the potassium salt K H 2G, and the present complex (solutions in D 20 ) are sum m a rized in Table V . The coordination causes shifts to lower shielding of C H 3 (AS = 3.45 ppm), C H 2 (8.30), carbonyl (5.37), and carboxylate (13.03) re sonances in com parison with H 3G. Similar effects were noted upon investigation of the di-and tri- p ep tid ato -C o (III) complexes [27, 32, 33] , The car boxyl group suffers the most considerable shift, a clear evidence of its coordination [32] , The car bon atom connected with the oximino group proves to be the least sensitive to the deprotona tion and the coordination of the latter.
